Ammonia, hydrogen sulfide and swine-house dust at continuous aerial levels as high as or higher than those normally encountered in enclosed swine-finishing houses had little or no effect on rate of body-weight gain and respiratory-tract structure of 92 healthy pigs in seven trials. The trials were of 17 to 109 days' duration, involved air pollutants alone and in various combinations and were conducted in air-pollutant exposure chambers.
INTRODUCTION
Insidious respiratory disorders are among today's most economically important swine diseases. Chronic pneumonia is widespread, and it alone may reduce growth rate by up to 30% (Huhn, 1970) . Switzer (1970) stated that uncomplicated mycoplasmal pneumonia has little effect on productive performance of swine. However, the economically important complex of diseases known as chronic pneumonia results from mycoplasmal pneumonia followed by secondary bacterial infection of the lungs, migration of nematode larvae through the lungs, atrophy of the nasal turbinates and/or t This work was supported in part by grants from the U. S. Department of Agriculture and from the National Pork Producers Council.
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s Agricultural Engineering Department. 6 Chambers manufactured by Young & Bertke Co., Cincinnati 45214. environmental adversities which are still unclear.
Among the pertinent environmental facgors in contemporary swine production are air factors, such as gases (e.g., ammonia and hydrogen sulfide) and dust, which are present in swine houses (Curtis, 1972) . Hence, air pollutants in swine facilities may affect swine performance indirectly; they may increase the incidence and severity of respiratory diseases (Jericho, 1968; t Kovacs et al., 1967) , which in turn can reduce performance. These air pollutants may also affect swine performance directly; once in the blood stream, they may influence the pig's metabolic reactions.
The study reported in this paper comprised seven trials intended to determine the effects of exposure to ammonia (NH3), hydrogen sulfide (H~ S) and dust at various levels, alone and in various combinations, on the rate of bodyweight gain and on the gross and microscopic integrity of the respiratory tract of the pig.
EXPERIMENTAL PROCEDURE
Air-Pollutant Exposure Chambers. Four dynamic-type, air-pollutant exposure chambers 6 manufactured out of stainless steel and glass were used. Their design was similar to that in figure 3 of the paper by Hinners et al. (1968) , except that each chamber had an exposure zone comprising a cube, 1.22 m on a side, giving a volume of 1.81 meters 3 . Each chamber had an expanded-stainless-steel gate to protect the glass door from the pigs, which were free within the chamber. Each chamber could hold four pigs to a bodyweight of 50 kg or two pigs to 100 kilograms.
Air-flow rate (1.27 m3/min) and air temperature (17 to 19 C) were the same in all chambers. Air exhausted from the chambers was vented to the outside. "Make-up" air for the chambers was drawn from the room in 735 JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 3, 1975 which the chambers were located. It was outside air which had been treated by either a space heater or an air conditioner to adjust its temperature to the desired level as it entered the room. Absolute-humidity level of the air entering the chambers was the same as or (when the air conditioner was used) lower than that of the outside air. Each chamber's ventilation rate was monitored with a magnahelic gauge attached to the exhaust duct across an orifice plate; this apparatus was calibrated using a hot-wire anemometer placed appropriately in the exhaust air stream.
The addition of pollutants to chamber air was stopped once daily for about 5 rain; the door was then opened so that the solid excreta could be washed through the floor. The excreta was drained from the under-floor reservoir twice daily.
Addition of Pollutants to Chamber Air. Air was filtered with a fiberglass filter and an absolute filter before it entered the chamber. Pollutants were thus added to virtually dustfree air as it entered the chamber.
Anhydrous NH3 (99.9% minimum purity) and H2S (in a mixture with nitrogen (~,8% H2 S, balance N)) were supplied as compressed gases from cylinders. Their deliveries to the chambers were regulated by appropriate regulators 7,8 and metered by tube/float flow meters9,10. Required flow rates for the gaseous pollutants were calculated as described by Fraser et al. (1959) and Drew and Laskin (1973) .
The level of gaseous NH3 in the chamber air was estimated by drawing a measured amount of air from the exposure zone through a 7Model 11-330 purchased from Matheson Gas Products, Joliet 60434.
SModel 201-3202 purchased from Union Carbide Corp., Linde Div., East Chicago 46312.
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~4Model TFIA purchased from The Staplex Co., Air Sampler Div., Brooklyn 11232. *STFA#41 purchased from The Staplex Co., Air Sampler Division. standard boric-acid solution in a fritted-glass, airwashing bottle; the solution was then titrated as in the macrokjeldahl procedure. The relation between NH3 level and that predicted from the flow-meter reading was high throughout the study period. For instance, during the periods when an NH3 concentration of 50 ppm was called for, the concentration as determined (average duplicate determinations) ranged from 50.0 to 58.7 ppm, and it was 52.1 on average. Actual determination of NH3 level was made only once every other day, but the flow-meter reading was checked three times daily and the flow rate adjusted when necessary.
The level of H2 S was determined by using a colorimetric indicator apparatus 11, with the indicator tube inserted into one of the chamber's sampling ports. Again, flow-meter readings were highly predictive of the H2 S level in the chamber air, so the flow-meter generally was depended on for maintenance of the desired level of H2 S in chamber air.
Dust collected from convection tubes in a commercial swine-finishing house was used without further treatment to provide an experimental level of aerial dust in the chamber's exposure zone. It was determined, using an Andersen nonviable sampler 12 with glass plates, that around half of the dust particles were 5/~m or less in diameter and thus able to deposit in the pig's lungs (Hatch, 1961; Hatch and Gross, 1964) .
Dust was aerosolized and introduced into the air entering the chambers by means of an apparatus designed by Crider et al. (1968) , which had been modified by the attachment of a vibrator 13. The viabrator reduced dust accumulation on the inside wall of the apparatus. Apparatus air-pulse pressure, frequency and duration were adjusted to give the desired rates of aerosolization and delivery of dust. Aerial dust level in the chamber was determined using a Staplex high-volume air sampler I 4 fitted with a filter paper is (Curtis et al., 1975a) . Aerial dust level was determined several times a day in trial II, but less often in trials III and IV. In these latter trials, average aerial dust level was generally deduced from disappearance of dust from the dust-aerosolization apparatus.
Air-Pollutant Treatments. Pigs were exposed to the air pollutants continuously, except for the once-daily, 5-min cleaning period. The treatments used in the seven trials are given in table 1. Data were subjected to analysis of variance. In trials in which treatments were not replicated, treatments were confounded with chambers. Chamber effects were considered negligible, so results of various analysis in these cases were interpreted such that effects of treatment and/or chamber were assumed to be due to treatment alone.
Experimental Pigs and Diets. Crossbred pigs were randomly assigned from within littermate quartets of the same sex across the four air-pollutant exposure chambers. Pigs were fed a fortified corn-soybean meal diet formulated to contain 22.5% crude protein until they weighed around 18 kg and one formulated to contain 16% crude protein thereafter. Pelleted diets containing no antibiotic were self-fed. Water was supplied by nipple valves.
Observations. Rate of gain was used to assess effects of experimental treatment on pig performance.
All pigs were subjected to complete gross examination at necropsy at the end of respective exposure trials. Representative tissues from the respiratory tract, the eye and its associated structures and the visceral organs were taken at necropsy for subsequent histopathologic examination. Tissues were fixed in buffered neutral formalin for 24 hr and then trimmed; processed with ethanol, Skelly C and paraplast; embedded in paraplast; cut with a microtome at 5 /am; stained with hematoxylin and eosin (Harris's method) and examined microscopically.
RESULTS AND DISCUSSION

Rate of Gain.
Results of all seven trials are summarized in table 1. Only in trial IV did the air-pollutant treatment (in this case, NH3 at 50 ppm combined with dust at 300 mg/m 3) appear to affect the pigs' rate of gain (P<.10 after data adjustment for initial body weight).
Gross and Microscopic Structure. With the exception of mild conjuctivities and blepharitis in one of the pigs exposed to NHs (50 ppm) in trial I, there was no evidence of structural alterations in any organ or tissue due to aln some trials, pigs were sacrificed at more than One time for the purpose of either determining respiratorytract status after various exposure periods or making space for the remaining pigs to grow for a longer experimental period.
bThe levels of air pollutants in the exposure chambers were always within the range of +-10% of the desired level.
*The difference in the rate of body-weight gain between pigs on the two treatments was significant (P<.IO) when the data were adjusted by covariance analysis for initial body weight. experimental treatment. Turbinates, trachea and lungs of all pigs were classified as "normal" after both gross and microscopic examination.
General Discussion
Aerial levels of NH3, H2 and dust used as treatments in these trials with pigs were as high as or higher than those usually encountered in enclosed swine houses. Ammonia level has been found to range from 6 to 35 ppm (Miner and Hazen, 1968; Robertson and Galbraith, 1971) . Aerial dust level in commercial swine houses averaged around 5 mg/m 3 (Curtis et al., 1975a) .
Although a statistically significant (P<.10) effect of treatment occurred only in trial IV, some nonsignificant trends occurred in other trials. Ammonia alone at 50 or 75 ppm had little effect on the pigs' performance (trials I, II, III and V). Only when aerial dust was applied at a very high level (300 mg/m 3 ) did it affect performance; at the level more commonly encountered in practice (10 mg/m 3), it had no effect (trials II, III and IV). Effects of aerial dust and NH3 tended to be additive, but they did not interact; in particular, aerial dust apparently did not increase ammonia's assault on the pigs (trials II and III). Hydrogen sulfide, either alone at 8.5 ppm or at 2 ppm in combination with NH3 at 50 ppm, had little effect on the pigs' growth rate.
The finding that exposure to aerial NHs and dust, alone and in combination at the levels used, had little or no effect on rate of gain in pigs confirms the results reported for pigs exposed to NH3 alone (100 ppm), aerial corn starch alone (250 mg/m 3) or these in.combination by Doig and Willoughby (1971) and for pigs exposed to corn dust alone (200 mg/m 3) by Martin and Willoughby (1972) . Stombaugh et al. (1969) found decreased rate of gain in pigs when they were exposed to NH3 alone at a level of 100 ppm or higher, but not at 60 ppm or lower.
The present finding that exposure of pigs to either NH3 alone or aerial dust alone failed to consistently alter respiratory-tract structure agrees with the findings of Stombaugh et al. (1969) for pigs exposed to NH3 alone (100 ppm) and of Martin and Willoughby (1972) for pigs exposed to corn dust alone (200 mg/m3). However, it differs from the observations of Doig and Willoughby (1971) on pigs exposed to either NH3 alone (100 ppm) or NH3 (100 l~pm) plus either aerial corn starch (200 mg/m ~ or corn dust (10 mg/m 3). They reported observing increased thickness and decreased goblet-cell population in the tracheal epithelium of pigs exposed to NH3 alone (100 ppm) and similar changes in the nasal epthelium of pigs exposed to NH3 plus either corn starch or corn dust. Of course, the size of the dust particles would determine to a large extent the part of the respiratory tract in which the particles would deposit and thus the part they would be expected to affect (Hatch, 1961; Hatch and Gross, 1964) . The aerial level of particles less than 3 /lm in diameter (particles able to reach the lungs) was about the same in control and dust-treatment chambers in the study of Doig and Willoughby (1971) . The increased aerial dust content in experimental atmospheres in their study owed to particles in the 3 to 10/~m size range -particles which impinge on the upper-respiratory surfaces. In this study, the aerial level of dust in the control chambers was less than .1 mg/m 3 and, as determined using an Andersen nonviable sampler, about half of the dust particles added to the air were 5/~m or less in diameter and thus able to reach and deposit in the lower respiratory tract.
The respiratory-tract lining normally is covered with aqueous mucus. Thus, gases (such as NH3), which are highly soluble in water, are absorbed from the inspired air by the upperrespiratory mucus. Hence, gaseous NH3 rarely reaches the lungs. On the other hand, it is known that aerial dust in animal houses absorbs and carries gases (Day et al., 1965; Burnett, 1969) . Ammonia may thus reach the lungs via transport by dust particles which are themselves able to reach the lungs (LaBelle et al., 1955) . Nevertheless, even though the dust-particle size distribution in these trials was such that the dust challenge to the pigs' lungs presumably was substantial, the NH3 which may have been carried to the lungs by the dust apparently did not irritate the lower-respiratory structures.
The absence of ocular lesions in pigs exposed to NH3 at levels of 50 and 75 ppm is noteworthy because ammonia is thought to be the cause of a variety of ocular lesions in chickens kept on litter (Wright and Frank, 1957) .
Irritation of ocular and respiratory-tract structures by NH3 in air contacting these structures is an example of a primary effect of an air pollutant. Air pollutants may also have secondary effects -those resulting from an air pollutant which has reached the blood stream. For instance, H2S may have important, even lethal, secondary effects. However, the levels of H2S known to induce such effects (O'Donoghue, 1961 ) are much higher than those which have been measured in swine-house air and than those used in these trials. Indeed, the H2 S levels used in the present trials were higher than those routinely encountered in commercial swine houses, and they were without effect on the pigs' rate of gain.
The swine-house dust to which the pigs were exposed in these trials is an inert dust. It is comprised primarily of particles of diet and dried excreta (Curtis et al., 1975b) , and these materials do not cause the formation of fibrous pulmonary lesions when they deposit in the lungs.
In conclusion, air factors in swine houses may influence the incidence and severity of chronic pneumonia in swine (Jericho, 1968; I Kovacs et al., 1967) . However, these results indicate that the rate of gain and respiratorytract structure of growing pigs, which are free of respiratory disease, are not directly influenced by NH3, H2 S and dust at levels and in combinations commonly encountered in the air inside enclosed houses at commercial swineproduction operations.
